Introduction
The presence of bromine compounds in food, e.g. that of organic bromines needs to be controlled due to its toxicity. 1 It originates for example from pesticides and fumigants, 2 and food additives such as brominated vegetable oil. 3 The occurrence of bromide as a residue in food and water necessitated its broad toxicological evaluation. 4 On the other hand, iodine is an essential element for the human body, and is therefore used in nutrition; insufficient levels of iodine in food can cause deficiency problems. 1, 5 The determination of Br and I in biological samples is hampered due to their trace concentrations (μg -1 or lower), the risk of loss during sample preparation, the volatility of the molecular forms, and the excess of chloride in the matrix. 6, 7 A review on the speciation of iodine compounds in environmental and bio-samples shows that the choice of the analytical method depends on the type of compound and the matrix. 8 Organic Br and I compounds in bio-samples have routinely been identified by chemical techniques following their isolation, and by modem spectroscopic methods, such as by GC, 9, 10 HPLC and HPLC hyphened inductively coupled plasma-mass spectrometry (ICP-MS). 8 Total halogen (Br, I) in food was analyzed by ICP-OES and ICP-MS, 11, 12 and other methods. The purpose of this study was to set up a method for total Br and I analysis in bio-samples with acceptable uncertainties at levels relevant to food control, and its validation. ICP-MS is nowadays common for trace-element analysis. However, the quantitative determination of total Br and I faces difficulties, such as volatility and a memory effect, the molecular iodine formed in acidic media is adsorbed to the tubing and glass surface during sample introduction, making a rapid return to background levels very slow. 7, 13, 14 The matrix of biological samples also caused interference with ICP-MS measurements of these elements, and increased uncertainties of the analytical results. Therefore, an internal standard is applied in these measurements. Determining the most suitable internal standard was another goal of this work.
Experimental

Reagents and chemicals
All chemicals were of analytical grade. The experiments were performed at T = 298 K.
Deionized, distilled water (18 MΩ cm -1 ) was used for preparing the aqueous solutions. Commercially available standard solutions (Br -and I -of chromatographic grade, Dionex) were used for calibration in ICP-MS. Stock solutions of Te, Rh, Re, Ge and Eu as internal standards (IS) were prepared by diluting commercially available standard solutions or by dissolving adequate amounts of their pure nitrate salts in distilled water. Mixed and single element internal standard solutions were prepared from these stock solutions.
Apparatus
The Trace concentrations of bromine and iodine in food samples and certified reference materials (CRMs) were determined by an inductively coupled plasma-mass spectrometry (ICP-MS) technique after low-power microwave digestion and extraction into an aqueous quaternary ammonium hydroxide solution. The recovery after sample preparation was quantitative. The internal standard for the measurement of the analyte on ICP-MS was optimized in this study. The detection limits were 0.19 and 0.68 ng g -1 for I and Br, respectively, when a 10 ng g -1 Te solution as an internal standard was used, applying the signal of 125 Te. The high recovery and reproducibility are sufficient for the quantitative analysis of these elements, and the analytical procedure is recommended for the analysis of Br and I in various kinds of bio-samples. two measurements it was rinsed with a 0.1% ammonia solution and H2O.
The microwave sample digestion system (Q45 ENVIROPREP), which is equipped with microwave power from 0 to 100% (1000 W), was used for the treatment of bio-samples. The vessels (V = 50 mL), made of PTFE, are designed to release at 220 psi and 473 K.
Sample preparation
The food samples used for this study were: young leaves of cabbage (Brassica oleracea capitata), water spinach (Ipomoea aquatica), and water coriander (Limnophila aromatica). After collecting from the field they were well cleaned with distilled H2O, dried in a vacuum and ground to a powder. A weighed sub-sample (0.10 to 0.20 g) was transferred into a 50 mL PTFE vessel and moistened with distilled H2O. Tetramethylammonium hydroxide (0.5 mL of 25% aqueous solution) and 4.5 mL distilled H2O were added. A total of 12 samples were placed on a rotary table. The program for the microwave oven is listed in Table 1 . The parameters of the sample treatment allow complete dissolution and quantitative recovery, as checked with certified reference materials (CRMs) ( Table 3 ). After digestion, the sample solutions were neutralized with HNO3, filtered through a 0.45 μm membrane into volumetric flasks and diluted with H2O.
Results and Discussion
Selection of isotopes for quantitative analysis and detection limits
The isotopes for quantitative analysis are selected by the typical characters, such as the absence of spectral overlapping, high isotopic abundance and more ion counts within an integration time. analyze by using ICP-MS, especially at low levels and in the presence of excess of matrix elements (see Introduction section). 13 This may cause a low reproducibility of the measurement results and large uncertainties. In order to overcome this problem, the internal standards were selected from several elements cited in references, such as Cs, Ge, Sb, Bi, Ce, Pr, Eu, Te, Tl, In, Rh, and Re. 11, 13, [15] [16] [17] [18] [19] [20] According to the general principles for choosing an internal standard to measure Br and I, elements that are rarely contained in the studied food samples, having similar ionization potentials as Br and I, and providing relatively stable signals with high sensitivity were tested. The measured isotopes were 72 Ge, 103 Rh, 125 Te, 128 Te, 130 Te, 151 Eu, 153 Eu, 185 Re, and 187 Re. These internal standards were prepared in a mixed solution at 10 ng g -1 concentration of each element together with a certain amount of iodide and bromide. The measurement was then carried out under identical conditions (see Experimental section).
The limits of detection (LOD) were calculated as the 3σ standard deviation of at least seven determinations of a blank solution; 21 the results are given in Table 2 . The sensitivity of each element was denoted as the average value of the ratio between its intensity (count per second, cps) and the intensity of the element being used as an internal standard (IS) being measured in a blank solution with that of a solution containing 3 ng g -1 of each studied element. It can be seen from Table 2 that the LOD of Br and I in ICP-MS when using five elements as internal standards gave better LOD values than that of direct measurements, except for the use of 151 Eu. LODs of both studied halogens when introducing 72 Ge and 125 Te were the best, and lower than in references. 11, 20 The sensitivity of Br and I derived from the intensities (count per second) measured in blank solutions and in solutions containing 3 ng g -1 (ppb) of each element by ICP-MS was sufficient for quantification at the desired concentration levels.
Linearity and standard calibration
The wide range of linearity is one advantage of ICP-MS, which can be valid from the blank value up to hundreds of μg g -1 of each studied element. Due to the relatively low concentration of the investigated elements in the studied sample, however, the calibration standards were measured in the range from 2 ng g -1 up to 200 ng g -1 . The standard calibration curves for Br and I were established from the measurement of a set of various Br and I concentrations in the respective presence of As can be seen from Fig. 1 , the external calibration curves established for both Br and I using 125 Te show a better linearity with higher correlation factors (Table 3) compared with   72 Ge, and would thus be employed for the determination of these elements in studied samples.
For determining the recovery of Br and I, a CRM was used (CRM IAEA-153; milk powder matrix; Br is certified; I is an information value). From the experimental results (Table 3) , a higher recovery of both Br and I concentrations was obtained when 125 Te was introduced as the internal standard, in comparison with the results from the conventional external calibration. Meanwhile the recovery of these elements with the use of 72 Ge as an internal standard gave a slightly lower value.
These above-mentioned results demonstrate that Br and I can be accurately recovered with the support of internal standards, which indicates that there are no common interferences present in the sample. The effective usage of 1 μg g -1 125 Te as an internal standard for the determination of iodine (and bromine) in chicken egg samples was also confirmed by Austrian researchers. 22 
Analysis of the certified reference material
Two CRMs (CRM IAEA-140/TM with a matrix of seaweed powder, and CRM IAEA-153, see above) were used for validation of the method. These CRMs were analyzed using the same procedure described above with 7 replicates; the results are given in Table 4 . The differences confirm the high accuracy of the method, suggesting that it can be applied for routine analysis of Br and I in bio-samples.
Analysis of bio-samples
The optimized procedure was applied for the determination of Br and I in local vegetable samples (young leaves of cabbage (Brassica oleracea capitata), water spinach (Ipomoea aquatica), water coriander (Limnophila aromatica)) and in the CRM IAEA-359, which has a cabbage matrix. The bio-samples were freshly collected and pre-treated as described under Experimental. The sample solutions together with a 10 ng g -1 Te internal standard were measured under the optimum operating condition of ICP-MS (see Apparatus); for Te the mass 125 was selected. The results are given in Table 5 .
The obtained values of Br and I in the CRM IAEA-359 agreed by better than 1% with the certified value of 17.80 μg g -1 for Br and the information value of 3.55 μg g -1 for I. The analytical result of all studied samples was thus reliable under identical Te as internal standards. Uncertainties from replicate measurements were < 1%. 
Conclusions
This work demonstrates the ability to determine bromine and iodine in biological samples using a simple digestion procedure. Matrix effects and interferences were overcome by using internal standards. The analytical procedure provides accurate results and it is applicable for the routine analysis of different types of bio-samples.
